Background:
We have recently reported a strong association between organ specific autoimmune disease and idiopathic chronic cough and have suggested that cough may be caused by airway inflammation secondary to aberrant homing of activated lymphocytes to the lung. An immunopathological study was undertaken to test the hypothesis that idiopathic chronic cough is associated with lymphocytic airway inflammation. Methods: Bronchoscopy, bronchial biopsies, bronchoalveolar lavage (BAL), and peripheral blood and BAL flow cytometry were performed in 19 patients with idiopathic chronic cough, 14 with explained chronic cough, and 11 normal subjects. Results: Organ specific autoimmune disease or positive autoantibodies were present in eight of the 19 patients with idiopathic cough, in one of the 14 patients with explained cough, and in one of the 11 normal subjects. Median BAL fluid differential lymphyocyte counts were significantly higher in patients with idiopathic cough (10.0%) than in normal subjects (6.3%, 95% confidence interval of difference 1.5 to 11.9, p = 0.01) or patients with explained cough (5.2%, 95% CI of difference 2.0 to 10.4, p = 0.001). There were no differences in bronchial biopsy T lymphocyte counts between the groups. The mean (SE) proportion of CD3+ peripheral blood mononuclear cells expressing CD4 was significantly higher in normal subjects than in patients with idiopathic cough (69 (3)% v 58 (3)%, mean difference 11%, 95% CI of difference 2 to 20, p,0.02) but not than those with explained chronic cough (63 (2)%). There were no differences in BAL T lymphocyte phenotype between groups. Conclusion: BAL fluid lymphocytosis occurs in some patients with idiopathic chronic cough. The association of idiopathic chronic cough with organ specific autoimmune disease raises the possibility that this might be caused by lymphocyte homing from the primary site of autoimmune inflammation or the result of an autoimmune process in the lung. C hronic cough is a common presenting symptom in both general practice and respiratory clinics. 1 The cause of a persistent cough can be identified relatively simply in many cases, with most being due to one or more of asthma, eosinophilic bronchitis, gastro-oesophageal reflux, and rhinitis with postnasal drip. 1 2 However in up to 20% of patients the cough remains unexplained even after extensive investigation and treatment trials. 3 These patients suffer considerable physical and psychological morbidity. 4 In a recent case-control study we found that patients with idiopathic chronic cough are predominantly female (77%) and are eight times more likely to have an organ specific autoimmune disease, particularly hypothyroidism. 5 A possible mechanism for the association between idiopathic chronic cough and organ specific autoimmune disease is homing of activated lymphocytes from the primary site of autoimmune inflammation to the lung. Previous small studies have found increased numbers of mononuclear cells in bronchial biopsy specimens 6 7 and a 50% excess of bronchoalveolar lavage (BAL) fluid lymphocytes from patients with idiopathic chronic cough, findings that would be consistent with this mechanism. 8 A study was undertaken to test the hypothesis that there is lymphocytic bronchoalveolar inflammation and to determine its characteristics in patients with idiopathic chronic cough by evaluating inflammatory cell numbers and phenotype in BAL fluid and bronchial biopsy specimens.
METHODS

Subjects
Nineteen patients with idiopathic chronic cough, 14 with explained chronic cough, and 11 normal controls were recruited from Glenfield Hospital outpatient clinics and from healthy volunteers responding to local advertising. Patients with chronic cough were recruited from those attending a specialised cough clinic between January 2000 and December 2001. The clinic receives referrals from primary and secondary care largely confined to a population of 970 000 within Leicestershire. Investigations were carried out according to a standardised algorithm and the protocol for investigation and treatment and criteria for accepting diagnosis were as previously described. 2 9 We defined idiopathic chronic cough as a cough lasting .3 weeks in association with normal clinical examination (including ear/nose/throat), normal chest radiograph and high resolution CT scan, normal lung function tests, negative methacholine inhalation test (provocative concentration PC 20 FEV 1 .8 mg/ml), normal peak expiratory flow variability, normal sputum differential eosinophil count (,2%), and no pathological gastro-oesophageal reflux or evidence of temporal association between cough and gastro-oesophageal reflux on 24 hour oesophageal pH monitoring. Patients had extensive negative treatment trials including trials of inhaled and systemic corticosteroids and trials of antireflux treatment as recommended. 9 Subjects with explained chronic cough were those in whom there was an identifiable cause for their cough and an improvement in the cough following specific treatment. Normal subjects were asymptomatic and had no evidence of variable airflow obstruction or airway hyperresponsiveness. Six normal subjects and nine patients with explained chronic cough recruited contemporaneously with another study were used for both studies. 10 All subjects were non-smokers with a past smoking history of less than 10 pack years. None had received corticosteroids or other specific treatment for the condition causing cough for at least 6 weeks before the study.
Written consent was obtained from all patients and the study protocol was approved by the Leicestershire research ethics committee.
Protocol and clinical measurements
Subjects attended on three occasions separated by 1-2 weeks. At the first visit, cough visual analogue score (0-100 mm), total serum IgE, radioallergosorbent tests to timothy grass, Dermatophagoides pteronyssinus, cat fur and dog dander, a full autoantibody screen (including islet cell, adrenal, parietal, endomysial and thyroid peroxidase autoantibodies), and serum angiotensin converting enzyme (ACE) level were measured. We also measured exhaled nitric oxide, spirometric parameters, and methacholine airway responsiveness. 11 12 Induced sputum was obtained for inflammatory cell differential counts using methods that have been described previously. 13 None of the subjects had received bronchodilator treatment for at least 12 hours before spirometric and challenge testing. Subjects completed a questionnaire enquiring about the presence of autoimmune disease (hyperthyroidism, hypothyroidism, diabetes, pernicious anaemia, Addison's disease, alopecia, vitiligo, coeliac disease, Crohn's disease, ulcerative colitis, premature menopause, and autoimmune hepatitis). Cough sensitivity was assessed on the second visit with a capsaicin cough challenge test 14 using a dosimeter method standardised to limit inspiratory flow to 0.5 l/s.
At the third visit, subjects underwent bronchoscopy using an Olympus fibreoptic bronchoscope (Olympus Company, Tokyo, Japan) in line with the most recent British Thoracic Society guidelines. 15 Subjects were pretreated with nebulised 2.5 mg salbutamol 20 minutes before bronchoscopy and were given appropriate sedation as required (midazolam 0-5 mg iv). Lignocaine (1-4%) was used for local anaesthesia and continuous oxygen was given via nasal cannulae throughout the procedure. A 180 ml BAL of pre-warmed normal saline into the right middle lobe was performed in 60 ml aliquots. Bronchial mucosal biopsy specimens were taken from the right middle and lower lobe carinae. Differential cell counts were obtained from BAL fluid cytospins by two experienced blinded observers. Peripheral blood mononuclear cells (PBMC) from a 20 ml venous blood sample and cells recovered from BAL fluid were analysed using flow cytometry. Mucosal biopsy specimens were immediately transferred into ice cooled acetone containing the protease inhibitors iodoacetamide (20 mM) and PMSF (2 mM) for fixation, stored at 220˚C for 24 hours, and then processed into the water soluble resin glycol methacrylate (GMA; Polysciences, Northampton, UK) for embedding. 16 
Flow cytometry
The PBMC fraction was obtained by centrifugation on Ficoll. For surface receptor expression, PBMC and BAL fluid cells were resuspended in FACS buffer at a concentration of 0.5-1 6 10 6 /ml using a previously described protocol. 10 Cells were stained with directly conjugated monoclonal antibodies against CD3 (T cells), CD4 (T helper cells), CD8 (T cytotoxic cells), activation markers CD25, CD103 and CD49a, and chemokine receptors CCR3, CCR5, CCR6 and C-X-CR3. Lymphocytes were gated for CD3 expression, then further subdivided by CD4 or CD8 expression and analysed by three colour flow cytometry on a FACScan (Becton Dickinson (BD), Oxford, UK).
Immunohistochemistry
Two mm sections were cut, floated on 0.2% ammonia solution in water for 1 minute, and dried at room temperature for 1-4 hours. The following mouse IgG 1 monoclonal antibodies were used: CD3 (Dako Ltd, High Wycombe, UK), CD4 (Becton Dickinson, Oxford, UK), CD8 (Dako Ltd.), AA1 to mast cell tryptase (Dako Ltd), MBP to eosinophil major basic protein (Bradsure Biologicals, Loughborough, UK), EG2 to the cleaved form of eosinophil cationic protein (ECP) (Pharmacia, Milton Keynes, UK), NE to neutrophil elastase (Dako Ltd), CD45 panleukocyte marker (Dako Ltd), CD14 to macrophages, (Dako Ltd), CD56 to natural killer (NK) cells (Dako Ltd), 3H4 to interleukin 4 (IL-4; AMS Biotechnology, Abingdon, UK), IL-5 (gift from GlaxoSmithKline, Harlow, UK), interferon gamma (IFN-c; R&D Systems, Abingdon, UK). The technique of immunostaining applied to GMA embedded tissue has been described previously. 16 Subepithelial mucosa was identified morphologically and the area calculated using a computer analysis system (Scion Image, Maryland, USA). The minimum submucosal area accepted for counting was 0.1 mm 2 . Nucleated immunostained cells present in coded sections were enumerated in the submucosa and numbers of cells expressed as the number/ mm 2 of submucosa by an experienced blinded observer.
Statistical analysis Subject characteristics were described using descriptive statistics and expressed as mean (SE). Methacholine PC 20 and concentration of capsaicin causing two and five coughs (C 2 and C 5 , mmol/l) were calculated by linear interpolation of the log dose-response curves and described as geometric mean (log SE). The primary outcome variable-BAL fluid lymphocyte differential cell count-was expressed as median (range). Other differential cell counts and subepithelial cell counts were expressed as medians (range) and flow cytometry data as mean (SE) values. Comparisons across the three groups and between groups were undertaken using the Kruskal-Wallis test and the Mann-Whitney U test, and ANOVA and unpaired t tests were used for non-parametric and parametric data, respectively. x 2 tests were used to make comparisons between groups in the prevalence of autoimmune disease. A p value of ,0.05 was considered statistically significant.
RESULTS
The characteristics of the study subjects are shown in table 1. Patients with cough were recruited at random from 236 patients in whom the primary causes of cough were cough variant asthma (n = 39, 17%), gastro-oesophageal reflux (n = 35, 15%), rhinitis (n = 29, 12%), eosinophilic bronchitis (n = 17, 7%), idiopathic (n = 54, 23%), post viral (n = 17, 7%), bronchiectasis (n = 14, 6%), chronic bronchitis (n = 10, 4%), enlarged tonsils (n = 8, 3%), pulmonary fibrosis (n = 7, 3%), ACE inhibitor cough (n = 4, 2%), sarcoidosis (n = 1, 0.5%), and bronchial tumour (n = 1, 0.5%). The causes of cough in those with explained chronic cough included in the study were: cough variant asthma (n = 4), eosinophilic bronchitis (n = 5), gastro-oesophageal reflux (n = 2), rhinitis (n = 2), and chronic bronchitis (n = 1). All subjects had a normal serum ACE level. Sixteen of the total population of 54 patients (30%) with idiopathic chronic cough had an organ specific autoimmune disease. Six (32%) of the 19 patients with idiopathic chronic cough included in the study had clinically overt organ specific autoimmune disease (three hypothyroidism, one hypothyroidism/pernicious anaemia/ vitiligo, one coeliac disease, and one vitiligo) and a further two had positive organ specific autoantibodies (parietal and islet cell) with no clinical evidence of disease. One normal control and one patient with explained cough had positive autoantibodies (islet cell and islet cell/adrenal, respectively); none had clinical evidence of autoimmune disease. The prevalence of organ specific autoimmune disease or positive autoantibody was significantly higher in those with idiopathic chronic cough than in normal subjects or patients with explained chronic cough (p = 0.01). Both cough groups had heightened capsaicin cough reflex sensitivity (table 1) .
Sputum and BAL fluid differential inflammatory cell counts are shown in table 2. There were significant differences in the BAL fluid differential and total lymphocyte counts between the three groups (p = 0.002 and p = 0.003, respectively; table 2 and fig 1) . Median BAL fluid differential lymphocyte counts were significantly higher in patients with idiopathic cough (10.0%) than in normal subjects (6.3%; 95% confidence interval (CI) of difference 1.5 to 11.9, p = 0.01) and in patients with explained cough (5.2%; 95% CI of difference 2.0 to 10.4, p = 0.001; fig 1) . Median BAL fluid eosinophil counts were significantly higher in the explained cough group than in normal subjects and in those with idiopathic cough (table 2) . There were no differences in the other differential cell counts between groups.
There was adequate submucosa with good morphology suitable for counting cells in nine normal subjects, 10 patients with idiopathic cough, and 13 with explained cough. No significant differences were seen in T cell (CD3, CD4 and CD8) subepithelial cell counts in biopsy specimens between the groups (table 3) . There were significant differences in CD56+ and IFNc+ subepithelial cell counts between the three groups (p = 0.03 and p = 0.047, respectively, table 3). EG2+, MBP+ and 3H4+(IL-4) cells/mm 2 subepithelium were significantly higher in patients with explained cough than in normal subjects and those with idiopathic cough, but there were no significant differences in other cell counts between the groups (table 3). The intraclass correlation coefficients for cell counts between two blinded observers were: BAL lymphocytes 0.90, bronchial biopsy subepithelial cell counts for extracellular stains 0.97 and 0.86 for intracellular stains.
The mean (SE) proportion of CD3+ PBMC expressing CD4 was significantly higher in normal subjects than in patients with idiopathic cough (69 (3)% v 58 (3)%, mean difference 11%, 95% CI of difference 2 to 20, p,0.02) and approached significance when compared with subjects with explained cough (69 (3)% v 63 (2)%, mean difference 7%, 95% CI of difference 21 to 15, p = 0.08). The mean (SE) PBMC CD4/ CD8 ratio was significantly higher in normal subjects than in patients with idiopathic cough (2.5 (0.4) v 1.6 (0.2), mean difference 0.9, 95% CI 0.1 to 1.8, p,0.05) but not those with explained cough (1.8 (0.2), p = 0.09). There were no significant differences between groups in CD3+ BAL cells expressing CD4 (mean (SE): normal 58 (5)%, idiopathic cough 59 (3)%, explained cough 55 (4)%) or CD4/CD8 ratio (normal 1.8 (0.5)%, idiopathic cough 1.6 (0.2)%, explained cough 1.5 (0.2)%). No differences were seen between the groups in the proportion of CD3+CD4+ or CD3+CD8+ (CD3+CD42) PBMC and BAL fluid cells expressing activation or chemokine receptors.
DISCUSSION
This is the first study to address in detail the immunopathology of the lower airway in patients with idiopathic chronic cough. We have shown that patients with idiopathic chronic cough had a significant BAL fluid lymphocytosis. This is unlikely to be a feature of cough per se since it was not seen in patients with explained chronic cough of similar severity. Our findings are consistent with the view that there is lymphocytic bronchoalveolar inflammation in idiopathic chronic cough. As noted previously, patients with idiopathic chronic cough were predominantly female, had heightened cough reflex sensitivity, and had a high prevalence of organ specific autoimmune disease and organ specific autoantibodies. 5 17 The prevalence was greater than expected from general population surveys (3-8%) and significantly higher than that seen in normal controls or patients with explained chronic cough. 18 19 McGarvey et al 8 reported a relative increase in BAL fluid lymphocytosis of a similar magnitude in six patients with idiopathic chronic cough compared with healthy controls, although in this study the difference was not statistically significant. In contrast, Boulet et al 6 found no differences in BAL fluid lymphocyte count in four patients with chronic cough not due to rhinitis or gastro-oesophageal reflux compared with controls. The differences between these studies and ours may relate to power or the precision of diagnosis. BAL fluid lymphocytosis was not a consistent feature in our study and another possible explanation for the inconsistent findings is that idiopathic chronic cough is a heterogeneous collection of conditions with distinct pathophysiologies and that BAL fluid lymphocytosis is confined to a subgroup.
The increase in lymphocyte count was seen in BAL fluid but not in induced sputum or bronchial biopsy specimens, suggesting that inflammation might be confined to distal airways and the alveolar compartment. However, the absence of an increase in lymphocyte count in induced sputum cannot necessarily be taken as evidence against involvement of the larger airways, since the proportion of lymphocytes in these samples is low and may not reflect lymphocytic airway inflammation well. 11 Our findings in bronchial biopsy specimens contrast with other studies where increased numbers of mononuclear cells have been reported in patients with idiopathic chronic cough. 6 7 We found reduced numbers of IFNc+ and NK cells in idiopathic chronic cough and minor changes in peripheral blood CD4 T cell phenotypes. The significance of these findings is unclear; they could have arisen by chance because they were not an a priori hypothesis. However, NK cells are a subset of mononuclear cells that play an immunoregulatory role in the prevention of autoimmune diseases, mediating some of their effects through IFNc secretion, 20 and they have been shown to be both functionally and numerically deficient in individuals at risk of developing organ specific autoimmune disease, 21 so these findings are potentially relevant to our hypothesis. There is one important caveat to the interpretation of the bronchial biopsy data. Because of technical difficulties, perhaps related to our attempt to do both BAL and bronchial biopsies in patients with a troublesome cough, adequate submucosa for analysis was only available in just over half of the subjects with idiopathic chronic cough so we cannot exclude the possibility that features were missed due to lack of power or bias. Another consideration is that we have studied a wide array of secondary outcome measures, so there is a potential for differences to emerge because of multiple comparisons. As this is the first study to investigate in detail the immunopathology of the lower airway of subjects with idiopathic chronic cough and little is known about the pathogenesis, we feel that a wide ranging descriptive approach is justified. Nevertheless, our findings should be regarded as hypothesis generating rather than definitive, and it is important that further confirmatory studies are performed. Future studies should ideally incorporate larger biopsy specimens and transbronchial biopsy specimens so that better localisation and characterisation of the lower airway inflammatory response is possible.
Bronchoalveolar lymphocytosis is also seen in sarcoidosis, 22 extrinsic allergic alveolitis, 23 and pulmonary involvement in rheumatoid arthritis 24 and Sjogren's disease. 25 None of the patients with idiopathic chronic cough had clinical features, radiological findings, or laboratory test results suggesting these diagnoses. BAL fluid lymphocytosis has also been associated with obliterative bronchiolitis in rheumatoid arthritis, Sjogren's disease, lung transplantation, and inflammatory bowel disease. 26 27 It is interesting to speculate that a similar-albeit lower grade-process is operating in our patients, particularly since we have recently reported an association between organ specific autoimmune disease and unexplained fixed airflow obstruction in a population of predominantly older women, many of whom had a long history of dry cough at presentation. 28 The lungs and many of the organs involved in organ specific autoimmune disorders share common embryological origins as foregut derivatives, and a possible mechanism for the cough and BAL fluid lymphocytosis is homing of activated T cells into the pulmonary compartment from the primary site of autoimmune inflammation. Similar mechanisms are thought to be responsible for the lymphocytic airway inflammation seen in inflammatory bowel disease, 29 and it is notable that patients with treated hypothyroidism and inflammatory bowel disease have increased prevalence of respiratory symptoms compared with controls, and that the profile of symptoms reported is remarkably similar. 30 The concept that aberrant homing of activated lymphocytes occurs in the lung and can result in an isolated cough without physiological and radiological changes is supported by a recent case report of an otherwise unexplained chronic cough associated with BAL fluid lymphocytosis which resolved following treatment of coeliac disease. 31 The BAL fluid lymphocytosis seen in the current study was not confined to patients with overt organ specific autoimmune disease, perhaps suggesting that the association was not directly related to the presence of lymphocytic inflammation elsewhere. An alternative and intriguing mechanism is that the cough might be due to a hitherto unrecognised autoimmune bronchitis, bronchiolitis, or subtle interstitial process and that the association with other diseases simply reflects the well recognised association between different organ specific autoimmune diseases.
One question is: why was corticosteroid treatment not helpful in our patients? This may be because autoimmune hypothyroidism, pernicious anaemia, insulin dependent diabetes mellitus, and other organ specific autoimmune disorders differ from systemic autoimmune diseases such as systemic lupus erythematosus and rheumatoid arthritis in that they do not respond well to corticosteroids. 18 Moreover, corticosteroid treatment is disappointing in pulmonary complications of some conditions associated with BAL fluid lymphocytosis such as rheumatoid arthritis and lung transplantation. 26 In summary, we have found BAL fluid lymphocytosis in some patients with idiopathic chronic cough. These patients were predominantly middle aged women and there was a high prevalence of organ specific autoimmune disease, raising the possibility of a link between autoimmune inflammation, lymphocytic inflammation in the lung and cough. Further studies are required to investigate the mechanism of BAL fluid lymphocytosis and its relation to cough.
